Orthognathic surgery (OGS) is a relatively common procedure for solving functional and aesthetic problems in facial and jaw areas in patients with dentofacial deformities. The positioning of the mandibular condylar segment during OGS has an impact on the surgical outcome. This study aimed to investigate the changes in the condyle-fossa relationship three dimensionally after OGS using the centric relation (CR) bite and the ramal reference line (RRL).
Introduction
Orthognathic surgery (OGS) is a relatively common procedure for solving functional and aesthetic problems in facial and jaw areas in patients with dentofacial deformities. The positioning of the mandibular condylar segment during OGS has an impact on the surgical outcome. After sagittal split ramus osteotomy (SSO) of the mandible was presented by Obwegeser, [1] many surgeons have strived to maintain the proximal segment (mandibular condyle bearing segment) in the centric relation (CR) position, which is the most stable position for the condyle, in the glenoid fossa even though this remains controversial. [2] The CR position is the most retruded, unstrained position of the condyle within the temporomandibular joint (TMJ), that is, within the glenoid fossa. Ideally, in centric occlusion, the condyle sits anatomically within the glenoid bilaterally, reflecting simultaneous centric occlusion and CR. [3] The position of the condyle may change due to various causes after OGS. Intraoperatively, the supine position of a patient can induce the posterior derangement of the mandible due to gravity. [4] General anesthesia also contributes to posterior derangement due to the relaxation of muscles around the joint. [5] Condylar misplacement during surgery results in displacement of the condyle and induces the pathological resorption of the condyle, decreased mouth opening, and clicking or popping sound from the TMJ. [6] With the prolonged loss of the CR position, the distracting forces may lead to some muscular, soft tissue, and bony pathological changes around the TMJ. Several methods have been claimed to keep the condyle in a stable position during OGS. In 1976, a condylar positioning device was first introduced. [7] Since then, various devices have been devised for condylar positioning during OGS. A procedure using a threedimensional (3D) optical localizer to establish the position of the condylar segment was reported by Bettega et al. [8] Harada et al introduced a clamp system for repositioning the proximal segment with 1 main splint and 3 minisplints. [9] Yagami et al presented a repositioning method utilizing an occlusal splint, arch bar with acrylic blocks and positioning plate system composed of some screws, an acrylic block, and a positioning plate. [10] However, the methods used in these reports are time-consuming and require many accessories. Additionally, the reference points of the condylar position were not accurate for several reasons. In the state of unconsciousness, the condylar position significantly changes. [5] In our previous study, we obtained the CR bite in a conscious state and used it for OGS. [11, 12] However, at the time of reporting, we used a two-dimensional (2D) image to trace the position of the condyle for a relatively short period. Therefore, this study was conducted to trace the condylar position in 3D using CBCT for over a year. This study aimed to use CBCT to evaluate the postoperative positional changes of the condyle in patients with skeletal malocclusion who underwent OGS using the CR bite and the ramal reference line (RRL).
Methods

Subjects
The inclusion criteria were as follows:
1. patients who underwent surgery between September 2013 and December 2016; 2. those with presurgical orthodontics; and 3. those with skeletal class III malocclusion with ANB 0°.
On the other hand, patients with cleft palate or craniofacial anomalies, those who underwent intraoral vertical ramus osteotomy (IVRO), and those with 4 degrees of occlusal canting [13] were excluded. The number of patients who were eligible for inclusion was 32 (12 men and 20 women; mean age, 24± 3.5 years). A total of 16 patients underwent a mandible-only operation, and 16 patients further underwent a conventional LeFort I osteotomy. Bilateral SSO was performed using the Obwegeser [1] technique with the Wolford modification. [14] A single surgeon operated on all the patients. We divided the group according to the amount of mandibular movement (SB1 versus SB2) and the maxillary operation (1-jaw versus 2-jaw). The SB1 group (n = 13) had mandibular movement less than 5 mm, while the SB2 group (n = 19) had mandibular movement greater than 5 mm. The amount of mandibular movement was measured by the distance (parallel to the Frankfort plane) between each mandibular anterior tip after superimposition of the preoperative and postoperative CBCT scans. We assigned "2-jaw" to the group that underwent LeFort I osteotomy simultaneously with SSO (n = 16). All medical records and radiographs were analyzed. Approval for this study was granted by the Hallym University Sacred Heart Hospital's institutional review board (IRB No. 2018-I009). Our institutional review board approved this retrospective study and informed consent was waived by the study subjects, as all the patient data were anonymized and de-identified before the analysis.
Surgical procedures
The condylar repositioning method during OGS was as follows. We have previously reported this method [11, 12] and have made some modifications in this study. The patient's CR bite was attained the day before surgery using Dawson's bilateral manipulation method. [15] Then, the procedure proceeded as follows for mandible-only surgery (Fig. 1) . After general anesthesia, the osteotomy was performed on the mandible. The CR bite obtained on the day before surgery was inserted into the oral cavity before the separation of the proximal and distal segments. An extension line (IV: RRL) was drawn with a medical pencil on the buccal surface of the ramus parallel to the orthodontic wire on the maxilla. A hole marking (II) with a 2-mm-diameter round bur was made at the anterior end of the extension line. A rigid wire with a length reaching from the II site to one of the maxillary posterior tooth brackets was created. The position of this maxillary posterior tooth bracket was designated I. A hole (III) was made equal to the distance from I to II at a position of 5 to 6 mm downward from II. Each wire was prepared for both the left and the right (Fig. 1B) . After bone separation, the final wafer was mounted, and the maxillomandibular fixation was performed with rubber. Before fixing the proximal and distal segments with a miniplate, the following features were checked. The position of the proximal segment was confirmed to be parallel and of the same height as the RRL and the orthodontic wire on the maxilla, and the length between each reference point was checked to determine whether the prepared rigid wire was fitted correctly. After confirming that all features were correct, the proximal and distal segments were fixed with a miniplate (Fig. 1C) .
In the case of a bimaxillary surgery, the operation proceeded as follows. After the osteotomy was performed in the mandible, the proximal and the distal segments were left unseparated. The mucoperiosteum of the maxilla was elevated, and the maxillary bone was exposed. Then, the prepared CR bite was placed in the patient's mouth. A reference hole ( ) was made with a round bur on the upper part of the LeFort I osteotomy line. Similar to the mandible-only surgery, reference holes ( and ) were formed in the anterior border of the ramus using the distance of the rigid wire ( Fig. 2A) . After the LeFort I osteotomy, the intermediate wafer was inserted with the maxilla moving. After the maxilla was moved into the planned position, it was fixed with 4 L-plates. In this state, the mandible was closed so that the prepared rigid wire met the distance between the reference points. Then, a line ( : RRL) was drawn on the buccal surface of the ramus using a pencil at the height and position parallel to the orthodontic wire on the maxilla (Fig. 2B) . A final wafer was inserted into the mouth after the proximal and distal segments of the mandible were separated. Then, whether the RRL and the Lee et al. Medicine (2019) 98: 12 Medicine maxillary orthodontic wire were parallel at the same height and whether the length of the rigid wire was equal to the distance between each reference point were verified ( Figure 2C ).
Analysis of the CBCT images and mandibular relapse
3D images were obtained before the surgery (T0) and at 3 days (T1), 4 months (T2) and 1 year (T3) postoperatively by CBCT (Alphard 3030; Asahi Inc., Kyoto, Japan). All the images were obtained using the following settings: 80 kVp, 5 mA, and an exposure time of 17 seconds. Images were transformed into the DICOM format and three-dimensionally reconstructed and analyzed using OnDemand 3D software (Cybermed, Seoul, Korea). The images were reoriented along the Frankfort plane on the basis of the right porion, right orbitale, and left orbitale. Then, the vertical midline and horizontal reference planes were set accordingly. Slices of coronal, sagittal and axial images were selected for each patient during the follow-up periods (Fig. 3 ). For the coronal image, measurements were made as shown in Figure 4A . The medial joint space (MJS) and lateral joint space (LJS) were measured from the most prominent medial and lateral condylar points to the glenoid fossa. For the sagittal image, measurements were made as shown in Figure 4B . The linear measurements of the right and left joint spaces were assessed, and the anterior joint space (AJS), superior joint space (SJS), and posterior joint space (PJS) were measured from the most prominent anterior, posterior, and superior condylar points to the glenoid fossa. The plane parallel to the Frankfort plane was used as the reference plane. In the axial view, the angle (u) between the line connecting the medial pole and lateral pole of the condyle and perpendicular to the midpoint of the axial surface was measured (Fig. 4C ). For a brief evaluation of the relapse of The CR bite (blue arrow) was inserted before the separation of the mandibular bone segments. An extension line (IV: RRL) was drawn on the buccal surface of the ramus parallel to the orthodontic wire on the maxilla. A hole marking (II) was made at the anterior end of the RRL. A rigid wire with a length from the II site to the maxillary posterior tooth bracket was created. The position of this maxillary posterior tooth bracket was designated I. A hole (III) was made equal to the distance from I to II at the position 5 to 6 mm downward from II (I to II is equal I to III). (C) After bone separation, the final wafer (yellow arrow) was mounted, and maxillomandibular fixation was performed. Whether the position and parallelism of the RRL and the distance between each reference point was the same as when the CR bite was inserted was verified. The separated bone segments were fixed with a miniplate. CR = centric relation, RRL = ramal reference line. Figure 1A required bimaxillary surgery: A, After the osteotomy was performed in the mandible, the proximal and distal segments were left unseparated. The CR bite (blue arrow) was placed. A reference hole ( ) was made on the upper part of the LeFort I osteotomy line (the maxillary area that does not move during OGS). Reference holes ( and ) were formed in the anterior border of the ramus similar to mandible-only surgery. B, After LeFort I osteotomy, the intermediate wafer (red arrow) was inserted. After the maxilla was moved to the planned position, it was fixed with L-miniplates. In this state, the mandible was closed so that the prepared rigid wire met the distance between the reference points. Then, a line ( : RRL) was drawn on the ramus buccal surface at a height and a position parallel to the orthodontic wire of the maxilla. C, After the segments of the mandible were separated, a final wafer (yellow arrow) was inserted. The RRL parallelism and equal distances between each reference point were verified. The separated mandibular bone segments were fixed with a miniplate. CR = centric relation, OGS = orthognathic surgery, RRL = ramal reference line.
Lee et al. Medicine (2019) 98:12 www.md-journal.com the mandible position, the pogonion and menton positions were measured at T2 and T3. The amount of relapse was obtained by measuring the distance from pogonion to the nasion perpendicular line. The position of menton was measured by the vertical linear distance in the horizontal reference line (Fig. 5) . Two doctors performed the measurements, and the distance and angle were calculated as the averages of their measurements.
Statistics
For a total of 64 condyles from 32 patients, the distance between the condyle and fossa, and the degree of condylar rotation were analyzed. For the statistical analysis, repeated measures ANOVA was used to investigate the interaction between the time course and the groups, despite the small sample size. Nonparametric statistical tests were used to assess differences between T0 and T3 due to the small sample size. Wilcoxon signed-rank tests were used to determine differences between T0 and T3. A MannWhitney U test was used to compare the changes between subgroups in T0 and T3. Comparisons of the menton and pogonion positions obtained at T2 and T3 were analyzed using Wilcoxon signed-rank tests. SPSS 12.0 (SPSS Inc., Chicago, IL) was used for statistical analysis. In each analysis, P < .05 was considered to represent significance. 
Results
The mean data of the condylar position and the standard deviation were calculated. Analysis of alterations in the condylar position from T0 to T3 with repeated measures ANOVA is shown in Tables 1 and 2 . Alterations were significant regarding time, from T0 to T3, in all dimensions in both groups (P < .001). The setback amount did not have a significant effect on condylar position alterations (P > .05). The mean amounts of mandibular setback
There was no interaction between the time course and setback amount (P > .05) ( Table 1 ). The maxillary operation did not affect the condylar position change (P > .05). There was no interaction between the time-course and jaw group except SJS and PJS (P > .05) ( Table 2) . Tables 3 and 4 show the results of the statistical analysis of the changes between T0 and T3 in the 2 groups created according to the amount of movement of the distal segment and the 2 groups created according to the maxillary surgery. There were no significant changes in the condylar position in any dimension (P > .05) except for LJS in the SB2 group (P = 0.025), AJS in SB1 group (P = 0.034), and LJS in the 1-jaw group (P = 0.025). There were no significant differences in the pogonion and menton locations between T2 and T3 (P > .05) ( Table 5 ).
Discussion
In repositioning the maxillary or the mandibular arches, it is critical not to overlook the concept of the CR position while focusing primarily on achieving centric occlusion. Therefore, when repositioning the jaws, the surgeon must make sure that the condyle is appropriately seated within the fossa before initiating rigid bony fixation. [3] We have previously reported the study of condylar position changes using 2D radiographs. [11, 12] However, in the study using 2D radiographs, the anatomical structures are often overlapped, and it is difficult to display the correct anatomical points. In addition, it is also difficult to reproduce the same points each time in the same patient. Currently, 3D CBCT is the primary choice for orthodontic diagnosis and orthognathic planning due to its acceptable cost and low radiation. With CBCT, it is possible to measure each reference point or line with more accuracy and obtain necessary values in the coronal and Figure 5 . CBCT scans at T2 (blue color) and T3 (red color). After CBCT reorientation (patient in Figure 1A) , the menton and pogonion positions were measured at each reference line. The menton was 117.4 mm (at T2) and 116.9 (at T3) (yellow arrow), and the pogonion was À10.6 (at T2) and À9.3 (at T3) mm (blue arrow) from each reference line. CBCT = cone-beam computed tomography. Table 1 Statistical analysis of the condylar position according to the amount of setback movement in the coronal, sagittal and axial views at T0, T1, T2, and T3. axial sections. In this study, it was possible to determine how much the condylar position was altered more precisely in every dimension and at every time point using CBCT. The position of the condyle significantly varied according to the time-course. Unlike the other time points, the most significant difference was found at T1. This differs from the other time points is probably Table 2 Statistical analysis of the condylar position with maxillary operation in the coronal, sagittal and axial views at T0, T1, T2, and T3. due to the edema immediately after the operation, the thickness of the wafer, and the unfavorable adaptation of the muscles around the joints. Fernandez et al verified intra-articular edema using magnetic resonance imaging during the early postoperative period in patients after mandibular subcondylar osteotomy. [16] The observed difference between the use of a wafer after the surgery and the final occlusion in 1 study [17] could also be a factor. Based on the case, this factor can be eliminated by not using a wafer after the surgery. If a wafer is necessary, minimizing its thickness will help decrease the rotational error that can occur.
We examined the effect of the distal segment movement and maxillary operation on the time-course. Therefore, no posthoc test was performed for each time difference. There was no interaction between the group and time-course in the 2 groups created by 2 criteria except SJS and PJS in the jaw group. We wanted to exclude factors that could affect the condyle-fossa relationship immediately after the surgery, including wafer use. For this reason, we performed Wilcoxon signed-rank tests to compare between T0 and T3. The condylar position was not significantly different between T0 and T3 in most of the dimensions. This result shows that the condyle-fossa relationship before surgery was maintained until the first year after the surgery through our condylar positioning method. By moving the distal segment, the neuromuscular balance may have been altered by stretching the connective tissues within the muscle and tendinous attachments to the bone. Whether the setback amount affects the stability of the proximal segment is considered controversial. There are many studies on the relationship between the amount of mandibular movement and postoperative relapse. However, there are few studies on the relationship between the condylar position and mandibular movement. Kang et al reported that the condylar displacement regarding the amount of backward movement of the mandible was significant, primarily when it was greater than 10 mm of setback. [18] Mendez-Manjon et al found a positive correlation between the displacement of the condyle and the amount of mandibular advancement using CBCT. [19] In this study, the setback amount did not alter the condylar position. There were 2 patients with a mandibular displacement of more than 10 mm. There was no significant change in the condylar location in these patients. There were no interactions between the divided groups according to the amount of movement of the distal segment and time-course. We also wondered how the condylar position was affected when performing the bimaxillary surgery. Kim et al claimed that the condylar displacement in both the single and double-jaw groups was clinically insignificant. [20] In our study, there were no differences in the condyle-fossa relationship over time in the Table 4 Statistical analysis between T0 and T3 according to maxillary surgery. single or double-jaw groups, despite the difference in the condylar positioning method between the groups. There have been several studies on the effects of ramus osteotomy on the temporomandibular disorder (TMD). Takahara et al found no significant correlation between the mandibular setback using bilateral SSO and postoperative TMD symptoms. [21] Panula et al reported that TMJ symptoms disappeared after SSO and that the risk for new TMD was extremely low. [22] IVRO has been demonstrated to improve TMJ symptoms, including sounds and pain. [23] However, comparing the preoperative and postoperative statuses, neither technique achieves an increase in the interincisal width during maximum jaw opening. [24] In this study, 6 patients had existing TMD before surgery. No statistical analysis was performed according to TMD due to the small number of patients. At the time of T3, no patients complained of joint symptoms. Our condylar repositioning method cannot be interpreted as solving TMD, but it did not cause new joint problems. It is generally conceded that compared with IVRO, surgeons have better control of the condylar segment during surgery when bilateral SSO is used. [25] When IVRO is performed, the surgeon cannot control the position of the condyle during surgery because the proximal segment and the distal segment are generally not fixed to each other. Therefore, patients who underwent IVRO were excluded from the study.
Many condylar repositioning techniques have been introduced to date. Some techniques are precise but require much effort and are costly. In this study, just 1 CR bite, 2 wires (right and left sides), and an RRL were used. In this study, we made the reference line by drawing a horizontal line parallel to the maxillary orthodontic wire on the buccal surface of the ramus to make the 3D repositioning of the condyle more accurate. In the case of the bimaxillary surgery, this reference line could not be drawn with the condyle in the CR position, but it was of additional help in repositioning the proximal segment. The condylar location was not different between the 1-jaw group and the 2-jaw group. Mobarak et al reported that counterclockwise rotation of the ramus leads to instability because the subsequently altered muscle orientation tends to return the proximal segment to its original inclination. [26] By marking the RRL during surgery, we were able to maintain a ramal inclination similar to that before surgery even after surgery. In the relapse-related evaluation of pogonion and menton location changes between T2 and T3, it was assumed that the condyle-fossa relationship was stabilized as the bone healed there were no significant differences between the 2 time points.
We are aware that our research may have limitations. First, the small sample size limits the ability to draw the strong results. One reason for the small sample size was the utilization of strict inclusion and exclusion criteria, which resulted in exclusion of the majority of the orthognathic surgeries completed in the department during the study period. We excluded patients with facial asymmetry with an occlusal cant greater than 4 degrees. These patients may not have a normal ramus flare and may require repositioning of the proximal segment location, which is different from that in the preoperative state. Ueki et al suggested that the preoperative position of the condyle was not the desired postoperative position in OGS. [27] We agree with this opinion. Therefore, patients suspected of having severe facial asymmetry or TMJ deformations were excluded from the study. In these patients with severe asymmetry, virtual surgery may be used to reset the proximal segment and to reflect this in the actual operation. Second, there were few patients with TMD in this study, but there was a possibility that they had an unhealthy condylar position before the surgery. Therefore, follow-up studies are needed in many patients with TMD in the future. Third, left and right TMJ can affect each other because they work simultaneously when they function unlike other joints in the body. However, this study excluded patients with severe asymmetry with different condyle sizes. In the present study, we assumed that the joints were independent of one another, but they may affect each other. Therefore, further evaluation will be needed in the future. Fourth, because only the skeletal position was investigated in this study, further studies on the muscle, ligament and articular disc around the TMJ using MRI will be needed. Last, there are controversies regarding the use of devices in condylar repositioning. Costa et al reported that there is no scientific evidence to support the routine use of condylar positioning devices in the OGS. [28] They noted that condylar repositioning is possible with only the surgeon's skill and that the complexity and cost increase with the application of these devices. [28] However, the method we use is noninvasive and requires less time to apply and check the proper condylar position, which does not increase the operation time and is not costly. Some researchers have reported that there is no ideal position of the condyle in the glenoid fossa, but there is rather a range of the normal position. [29, 30] We agree with this report. Our technique does not guarantee the complete 3D positioning of the condyle during OGS. A skilled surgeon may not have to use this method, but a less experienced surgeon could make fewer surgical errors using this method. This technique will allow the condyle to be seated in the glenoid fossa within a range that is not clinically problematic.
Conclusion
Measurement of the condylar position by CBCT at 1 year after surgery revealed no significant changes from the preoperative condylar position. The condyle-fossa relationship at 1 year after surgery was similar to that before surgery regardless of the mandibular movement or maxillary operation. Various factors can change the condyle-fossa relationship, but the method we describe is a condylar repositioning method that can be applied quickly and predictably by inexperienced surgeons during OGS.
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